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Influence of temperature on the selectivity of dissociation
of CF3I molecules by multiphoton vibrational and
subsequent electronic excitation
Yu. A. Kudryavtsev
Institute of Spectroscopy, Academy of Sciences of the USSR, Moscow
(Submitted December 15, 1979)
Kvantovaya Elektron. (Moscow) 7, 1985-1988 (September 1980)
A report is given of theoretical and experimental studies of the influence of temperature on the selectivity of
separating carbon isotopes by multiphoton vibrational and subsequent electronic excitation of CF3I
molecules. Carbon dioxide laser radiation was used for vibrational excitation and XeCl and XeF excimer
lasers were used for dissociation. A selectivity of 108 was achieved at 223 °K.
PACS numbers: 28.60. + s
1. The development of methods of selective laser ir-
radiation of materials has resulted in the recent devel-
opment of efficient methods of laser isotope separation
(see the reviews presented in Refs. 1 and 2). Multipho-
ton dissociation of molecules in a high-intensity infra-
red laser field has been widely used3 and isotopes of
many elements have been separated by this method. A
substantial improvement to this method was achieved by
dissociation in a two-frequency infrared field.4 This
method is efficient for separating isotopes of heavy ele-
ments since the functions of selective excitation and
dissociation of the molecules are separate. In these
two methods, dissociation of the molecules takes place
within the ground electronic state.
There are also two methods of isotope separation in-
volving dissociation of the molecules via an excited
electronic state. The first method involves two-stage
dissociation of molecules on exposure to infrared and
ultraviolet sources.5 In this case, the ultraviolet radia-
tion causes dissociation of molecules preexcited by the
infrared radiation. In the second approach, multipho-
ton vibrational excitation of the molecules is achieved
below the dissociation limit,-followed by excitation to
an electronic state. 6 ' 7
Isotopically selective dissociation of CF3I molecules
by multiphoton vibrational excitation was first achieved
in Ref. 8. The influence of temperature on the selec-
tivity of multiphoton dissociation and the multiphoton
absorption spectrum of CF3I molecules were investigat-
ed in Refs. 9 and 10.
It was shown in our previous investigations6'7 that the
selectivity of isotope separation by multiphoton vibra-
tional and subsequent electronic excitation of I 2CF3I
molecules is governed by the ratio of the ultraviolet ab-
sorption cross sections of excited and unexcited mole-
cules and is limited by thermal population of high vibra-
tional levels.
The ultraviolet absorption spectra of 1 2CF3I and
 1 3CF3I
molecules are almost the same. Thus, when the gas is
irradiated only by an ultraviolet laser, molecules con-
taining both 12C and 13C dissociate equally. Since under
conditions of multiphoton vibrational and subsequent
electronic excitation, dissociation is achieved only by
the ultraviolet laser radiation, the selectivity of the
isotope separation process is governed by the ultravio-
let absorption cross sections of the vibrationally ex-
cited (for example, 12CF3I) and unexcited molecules
(13CF3I).
For the energy density of the infrared radiation used
(0.2 j/cm 2 ), no appreciable broadening of the multipho-
ton absorption spectrum of the CF3I molecules is found
compared with the linear spectrum.10 The selectivity of
the infrared excitation [Λ(14) line, 9.2 μ] may be de-
termined from the known isotope shift (26.5 cm"1). It is
found that this selectivity is appreciably higher than the
selectivity of excitation in the ultraviolet channel after
the infrared pulse. Thus, the resultant selectivity de-
pends mainly on the ratio of the ultraviolet absorption
cross sections of the vibrationally excited (air*UT) and
unexcited (auy) molecules, as shown in Ref. 7. It is
found that under identical excitation conditions in the in-
frared channel, the selectivity of the isotope separation
process is governed by the wavelength of the dissociat-
ing ultraviolet radiation and is approximately equal to
the experimentally measured value σιΙ*"/&" for >".C 1
= 308 nm and 48 for X"
e F = 350 nm. The selectivity may
be increased by reducing the gas temperature. The
present paper reports a study of the influence of tem-
perature on the selectivity of the isotope separation
process.
2. In the experiments the molecules were vibrational-
ly excited by TEA CO2 laser radiation on the i?(14) line
of the 9.2 μ lasing band. This frequency falls within the
Q branch of the 1 2CF3I molecules. The laser radiation
pulse consisted of an initial spike of 100 nsec base dur-
ation and a tail of 500 nsec duration. The tail contained
not more than 20% of the energy. The energy density of
the infrared radiation at the entrance to the illuminated
cell was 0.2 j / c m l The preexcited molecules were
dissociated by radiation from XeF (λ = 350 nm) and XeCl
(λ = 308 nm) excimer lasers. This involved focusing the
ultraviolet radiation in the cell coaxially with the CO2
laser radiation but from the opposite direction. The
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FIG. 1. Calculated dependences of the ratio σ(Γ)σ(293) on the
ultraviolet radiation frequency for different gas temperatures.
lasing frequencies of the excimer lasers were situated
at the long-wavelength edge of the diffuse absorption
band (i/
mar
 = 37500 cm"1). The pulse duration was 25
nsec and the energy reached 20 mJ. The active medium
was formed by an NF3:Xe:He = 1:3:600 mixture for the
XeCl laser at a total pressure of 1.6 atm. The lasers were
switched using TGI1-1000/25 thyratrons. The use
of thyratrons made it easy to synchronize the
infrared and ultraviolet lasers. The time delay between
the CO2 and excimer lasers was 100 τ 10 nsec. The CF3I
molecules were irradiated in a 14.7-cm long cell having
a volume of 15 cm3, cooled to -65 °C. The CF3I pres-
sure at room temperature was 0.2 Torr. The edges of
the cell near the windows were at room temperature.
The selectivity in the dissociation products was meas-
ured using an Mil 309 mass spectrometer from the m/e
= 119 and 120 peaks of the C2Fs fragment.
3. When the CF3I molecules absorb radiation in the
first electronic band, they dissociate with a quantum
yield of ~1 to give CF3 radicals and atomic iodine. Vi-
brational excitation of the CF3I molecules sharply in-
creases the ultraviolet absorption at the long-wave-
length edge of the band and thus, when 12CF3I molecules
are excited, they are preferentially dissociated by the
ultraviolet radiation and the final C2F6 dissociation
products are 12C-enriched. On the other hand, when
13CF3I molecules are excited, the dissociation products
are
 13C-enriched. The influence of the intensity of the
exciting infrared field and of the wavelength of the dis-
sociating radiation was investigated in detail in Ref. 7.
The selectivity of the separation process, which is
equal to the ratio of the isotope concentration in the dis-
sociation products to the natural isotopic abundance, is
governed by the ratio of the absorption cross sections
of the excited alr*UT and unexcited molecules σ"τ, S
=a
lrMllr/ffUT. Evidently, as the temperature decreases,
the value of σ ^  will decrease, increasing S. Figure 1 shows
results of calculating the dependence of the absorption
cross sectiona(T) relative to the absorption cross section
at room temperature σ (293) on the ultraviolet radiation
frequency for different gas temperatures. The method of
calculating the ultraviolet absorption spectrum was de-
scribed in Ref. 7. As the temperature decreases, the popu-
lation of the upper vibrational levels decreases and thus
the absorption at the long-wavelength edge of the ultravio-
let absorption band also decreases. The arrows in Fig. 1
show the lasing frequencies of the XeCl and Xe F lasers. It
can be seen that the largest decrease is found at the
frequency of the XeF laser. For example, at 216°K,
iso 110 2so Γ,°Κ
FIG. 2. Temperature dependences of the absorption cross
section (2, 3) and selectivity (1): 1) λχ,^, £ ^ = 0.2 J/cm2,
S(293) = 2.0; 2) a X ( C 1 ; 3 ) a S F i · ) λχ,Γ, Eit= 0.2 J/cm2,
S(293) = 36.
the cross section decreases by a factor of 8.5.
As the temperature decreases, the infrared absorp-
tion spectrum also becomes narrower10 and thus the
radiation selectivity of vibrational excitation of the
molecules increases. This is particularly important in
the excitation of the 1 3CF3I molecules since, in this
case, the infrared absorption by the 12CF3I molecules in
hot bands decreases appreciably.
Thus, a decrease in the gas temperature should in-
crease the selectivity of the multiphoton excitation pro-
cess and enhance the selectivity of dissociation by ultra-
violet radiation. It was shown in Ref. 11 that the rate
constant for collisional vibrational-vibrational exchange
k
rv
 for the CF3I molecules is 2 μβε^-ΤοΓΓ"
1
 and in or-
der to maximize the selectivity, it is necessary to de-
crease the gas pressure and the time delay between the
infrared and ultraviolet pulses. In the experiments, the
time delay τ
ά
 was 100 nsec, which is appreciably short-
er than (kwp)'1.
Figure 2 (curve 1) shows the experimental tempera-
ture dependence of the relative change in the dissocia-
tion selectivity in the products S(12/l3) for dissociation
by XeCl laser radiation and an infrared radiation den-
sity of 0.2 j /cm 2 . At this infrared radiation density, no
dissociation takes place due to the infrared radiation
alone. At room temperature we find S =2.0, which cor-
responds to an increase in the cross section for ultra-
violet absorption by the CF3I molecules immediately af-
ter the infrared exciting pulse.' Decreasing the temp-
erature to 208 °K increases the selectivity by a factor of
1.6. Curve 2 in Fig. 2 shows the calculated dependence
of the relative increase in the absorption cross section
α = σ(293)/σ(Τ). If it is assumed that for a fixed infra-
red radiation density, a decrease in the gas tempera-
ture does not influence the absorption cross section of
vibrationally excited molecules σΐΓ*"τ, curve 2 is the
calculated dependence S(T)/S(293). However, on com-
paring the calculations and experiment (curves 2 and 1),
it is necessary to bear in mind that the edges of the cell
were at room temperature and small warm sections of
the cell may have reduced considerably the true selec-
tivity. The contribution of the warm sections may be
estimated from
S 1 + ί,/ίι
S (293) ~ 1 + (Ι,Ηύ (S (293)/S(T)) ·
where S(T) and S(293) are the selectivities at a temp-
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erature T and at room temperature, respectively; S is
the measured selectivity; l?/l\ = 3.1 is the ratio of the
lengths of the cold and warm sections of the cell. Thus,
an increase in the ratio s/s(293) by a factor of 1.6 im-
plies that the selectivity S{T) was doubled and thus was
4.0 at 208 °K. This value satisfactorily agrees with the
calculated selectivity (curve 2).
For dissociation of vibrationally excited molecules by
XeF laser radiation at room temperature and E i r =0.2
j/cm 2 , we have S(293) = 36. Decreasing the tempera-
ture to 223 °K increases the selectivity to 108, i.e.,
trebles the selectivity. Curve 3 in Fig. 2 shows the cal-
culated increase in selectivity as the temperature de-
creases.
It can be seen from this reasoning that decreasing the
gas temperature is an effective method of increasing the
the selectivity of dissociation by multiphoton vibrational
and subsequent electronic excitation. This is useful for
separating isotopes of heavy elements.
In conclusion, the author is grateful to V.S. Letokhov
and I.N. Knyazev for their continuous attention and in-
terest in this work, and to V.N. Bagratashvili and E.A.
Ryabov for useful discussions.
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High-contrast nonlinear resonances in an He-Ne/I2 ring
laser
M. V. Danileiko, A. M. Dvoeglazov, A. M. Tselinko, L. P. Yatsenko, and Μ. Τ. Shpak
Institute of Physics, Academy of Sciences of the Ukrainian SSR, Kiev
(Submitted March 5, 1980)
Kvantovaya Elektron. (Moscow) 7, 1988-1989 (September 1980)
High-contrast nonlinear resonances were obtained for the first time in an He-Ne/I2 laser with a ring
resonator. Nine nonlinear resonances were observed, having a maximum contrast ratio of ~0.5. It was found
that the maximum contrast ratio of the resonances of a ring laser was almost independent of pressure.
PACS numbers: 42.55.Fn
The present paper reports the first successful ex-
periments to observe high-contrast nonlinear reso-
nances in an He-Ne laser with an l£29 absorbing
medium, caused by coupling of opposite waves by
means of back reflections.
The investigations were made using a ring laser with
a quadrilateral resonantor having a i m perimeter.
A 2. 5-cm long cell containing I*29 vapor was placed in-
side the resonator. Coupling between the opposite
waves was achieved using an external return mirror.
An additional Q factor difference was incorporated in
the resonator, giving a stable fairly wide (-200 MHz)
unidirectional lasing band in the absence of coupling.
Coupling had the result that the intensity of the wave
suppressed in the absence of coupling became nonzero.
Figure 1 shows an oscillogram of the dependence of the
weak wave intensity on the frequency. In the unidirec-
tional lasing zone, nine nonlinear resonances are
clearly visible, corresponding to the m, n, a', c', d'',
t', /', g', and h' components of the hyperfine structure
of I229 (for the notation of the components see Ref. 1).
The maximum contrast ratio for the η component is
FIG. 1. Dependence of the weak wave intensity on the frequen-
cy in the one-wave lasing region.
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